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ABSTRACT 
Hemiplegia, caused by a stroke, is one of the most common disorders in 
which physical therapists are extensively involved in the rehabilitation process. 
When a stroke occurs, there is damage to the higher centers of the central 
nervous system resulting in neurologic, unilateral impairment or hemiplegia. The 
upper extremity is frequently involved and many patients complain of pain, 
particularly in the shoulder. Etiology and treatment of hemiplegic shoulder pain 
(HSP) is a challenging symptom that interferes with progressive rehabilitation 
and the overall quality of life of many patients. 
The purpose of this study was to discuss HSP and the subsequent loss of 
function that may hinder the rehabilitation process. This paper explores the 
literature concerning shoulder anatomy, possible causes of shoulder pain, and 
the interference of this disability with the rehabilitation process. This study also 
explored possible treatment and educational techniques that aim at regaining 
control in the upper extremity. 
Rehabilitation of HSP presents a therapeutic challenge for the health care 
professional, especially the physical therapist. Clinically, a variety of signs and 
symptoms are possible and presentation may vary depending on the etiology of 
vii 
the pain. This paper hopefully will serve as a resource to physical therapists in 
the clinical management and rehabilitation of patients with HSP. 
viii 
CHAPTER I 
INTRODUCTION 
The central nervous system is a very powerful, neuropathic system that 
contains an upper cortical center responsible for the inhibition of gross motor 
patterns of the lower centers. According to Cailliet,1 when damage to the brain 
occurs, the higher centers which control voluntary movement lose their ability to 
inhibit gross motor patterns. Thus, the lower spinal and supraspinal areas are 
no longer regulated and controlled. 
Hemiplegia is caused by resultant neurologic, unilateral impairment in 
patients who have suffered vascular damage to the brain. Hemiplegia is a term 
denoting "unilateral paralysis or paresis of both upper and lower extremities.,,2 
Both muscle weakness and paralysis define hemiplegia and impairment may 
involve sensory and motor loss. 
When stimuli from the external environment is absent or decreased 
significantly, sensory deprivation often occurs. By eliminating sensory input, 
"irritability, confusion, psychosis, delusions and even hallucinations can 
occur.,,3(P30) Since the typical stroke patient is elderly, their premorbid function 
may have involved some gradual sensory deficits. When brain damage occurs, 
1 
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these symptoms magnify and additional sensory deficits may suddenly become 
evident. 
While both upper and lower extremities are involved, the upper extremity 
is the focus of this paper and anatomically includes the cervical spine, shoulder 
girdle, upper arm, forearm, wrist, and hand. Fine movement of the shoulder is 
often partially or completely lost as well as gross movements. Many patients 
complain of pain in the upper extremity, particularly the shoulder, and etiology 
and treatment of shoulder pain is a challenging symptom that interferes with 
progressive rehabilitation and the overall quality of life of many patients.1,4 Since 
pain is mostly a subjective complaint, it becomes difficult to define any specific 
diagnostic criteria. Griffins states that pain in patients with hemiplegia is often 
recognized as discomfort and tenderness over the supraspinatus, biceps tendon, 
or glenohumeral joint. The pain can be mechanical in origin or occur at rest. 
Passive range of motion, placing the arm in a dependent position, and 
impingement between the humeral head and the coracoacromialligament upon 
shoulder elevation can lead to discomfort or pain.6 This description of shoulder 
pain accounts for many details of occurrence, with little uniformity, and includes 
61 % to 84% of all hemiplegic patients who will experience pain at least once 
during the course of their treatment.1,7,S According to Van Ouwenaller and 
aSSOCiates,S shoulder pain is presumably the most frequent complication of 
hemiplegia as it can delay recovery and mask rehabilitation of functional 
activities. 
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Rehabilitation of hemiplegic shoulder pain (HSP) syndrome presents a 
therapeutic challenge for the health care professional, particularly the physical 
therapist. Proper efficiency of the shoulder joint requires complete integration of 
neuromusculoskeletal systems. Neuromuscular integration allows full function 
for self care activities, transfers, and ambulation. 1.9 When a cerebral vascular 
accident (CVA) or stroke occurs, there is often damage to the central nervous 
system and mild to severe neurological deficits result. Patients who have 
suffered a stroke, with resulting hemiplegia, often develop many signs and 
symptoms of shoulder disability and/or pain because of the pathologic changes 
that occur in the shoulder complex from the neurological damage·9 Clinically, a 
variety of signs and symptoms are possible and each patient varies in sensory, 
motor, cognitive, perceptual, and language deficits. Health care professionals 
are searching for etiology and treatment approaches that are beneficial to each 
individual patient. 
This paper will review the literature concerning shoulder anatomy, 
possible causes of shoulder pain, and the interference of this disability with the 
rehabilitation process of a hemiplegic patient. This study will also explore 
possible treatments and educational techniques that aim at regaining interaction 
and control in the upper extremity. 
The purpose of this study is to discuss hemiplegic shoulder pain and the 
subsequent loss of function that may hinder the rehabilitation process. An 
appreciation for the detailed anatomy of the proximal articulations of the 
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shoulder must first be recognized. The following chapter will review the 
appropriate anatomy for the recognition of the possible causes of hemiplegic 
shoulder pain. 
CHAPTER II 
SHOULDER ANATOMY AND BIOMECHANICS 
Through time, humankind has come to be upright and tall and the 
shoulder girdle has evolved from being a stable, weight bearing appendage to a 
mobile, open chain extremity.9 Therefore, mobility has replaced stability and 
force. For purposeful function of the upper extremity, the shoulder articulations 
along with the surrounding musculature, soft tissue, and nerve supply must be 
operant and well coordinated. If any structure is impaired, pain and/or 
dysfunction will result. To correctly understand the site of pain and dysfunction, 
an anatomical look at the shoulder girdle complex first needs to be clarified. The 
articulations, soft tissues, musculature, joint capsule, and nerve supply will be 
presented. 
Articulations 
The shoulder is very complex with many articulations (Fig. 1). Jenson 10 
and Magee11 state that the numerous joint components of the upper extremity 
include: 
1. glenohumeral joint 
2. acromioclavicular joint 
3. sternoclavicular joint 
5 
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1. Glenohumeral joint 5. Suprahumeral joint 
2. Acromioclavicular joint 6. Sternocostal joint 
3. Sternoclavicular joint 7. Costovertebral joint 
4. Scapulothoracic joint 
Fig. 1--The shoulder joint complex. 
7 
4. scapulothoracic joint 
5. suprahumeral joint 
6. sternocostal joint 
7. costovertebral joints 
The clinica"y noted shoulder joint, or glenohumeral joint, is a multi axial 
ball-and-socket synovial joint. 1o,11 It is a functionally complex articulation as it 
has three axes and three degrees of freedom. Of the shoulder articulations, the 
glenohumeral joint provides the greatest proportion of motion and it is the most 
clinica"y involved in patients who have post-stroke shoulder complications. 
According to Najenson, Yacubovich, and Pikielni,12 malalignment of this shoulder 
joint occurs in approximately two-thirds of the severely paralyzed hemiplegics. 
Besides the glenohumeral joint, the acromioclavicular, sternoclavicular, 
and scapulothoracic articulations are also essential to normal shoulder motion 
and function. Together, these articulations move the shoulder in a synchronous 
movement and depend on each other for full and pain free range of motion.1,10,13 
The acromioclavicular joint is a plane joint which connects the clavicle to the 
acromium process and allows motion in a" three planes, including rotation. 
Saddle-shaped and including an articular disc, the sternoclavicular joint is 
mobile in three planes also and binds the clavicle to the manubrium. Scapular 
rotation at the sternoclavicular and acromioclavicular joints is necessary for 
shoulder elevation.1o,13,14 Fina"y, the scapula follows the humeral head and 
supports it during elevation of the arm. The serratus anterior and trapezius 
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muscles act as a force couple to rotate the scapula as it moves upward and 
outward. The scapula is attached to the posterior thorax by muscles and to the 
sternum via the clavicle.13 These articulations constitute the scapulothoracic 
joint. The combined motions of the glenohumeral and scapulothoracic joints 
allow 180 degrees of shoulder elevation. When paralysis and weakness occur 
in a stroke, there is an interruption in the normal operation of the shoulder 
rhythm, thus affecting normal mobility. 
Additionally, the suprahumeral or subacromial space is considered an 
articulation that has clinical importance when considering muscular pathology.9 
According to Norkin and Levangie,13 the acromium forms a roof over four 
structures: the subacromial bursa, supraspinatus tendon, joint capsule, and 
biceps tendon. This space is very narrow; therefore, the supraspinatus and 
biceps tendon are at risk for tearing and inflammation. The tendons and/or 
bursa, due to inflammation and enlargement, may decrease the subacromial 
space leading to impingement, which eventually results in pain and decreased 
motion. 
The sternocostal and costovertebral jOints will not be discussed further in 
this literature review as they are not of particular importance in understanding 
the pathology of HSP. 
Soft Tissues and Musculature 
Unlike the hip joint where the bony articulations of the femoral head and 
acetabulum provide a stable connection, the bones of the glenohumeral joints do 
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not provide essential stability.15 The shallow glenoid cavity is slightly concave 
and surrounded by a fibrocartilage ring termed the labrum, which deepens the 
superior, lateral portion of the scapula. The articulating humeral head is larger, 
rounded, and convex in shape. Therefore, the depth provided by the labrum 
contributes to stability by providing better congruency between the humeral head 
and glenoid cavity. Because the shape of the glenohumeral joint provides 
minimal stability during functional activities, a vulnerability for pathological 
conditions exists. 
The humeral head and its scapular articulation are held together by 
surrounding musculature that provide support and mobility while the head moves 
about its center of rotation.1 Four muscles (subscapularis, supraspinatus, 
infraspinatus, and teres minor) originate from the scapula to provide an adapted, 
unified muscular tendon to the glenohumeral jOint.1,4 These muscles are the 
rotator cuff and, with contraction of the rotator cuff, the humeral head is pulled 
down from its superior resting position to a lower part of the glenoid cavity.11 
Humeral head depression must occur to allow full abduction. The rotator cuff 
thus provides the majority of support for the glenohumeral joint and it also 
depresses the humeral head such that complete range of motion of the shoulder 
joint can occur. 
While the rotator cuff muscles pull the head of the humerus inferiorly with 
shoulder elevation, the deltoid muscle is a powerful shoulder abductor that pulls 
the head up against the coraco-acromialligament.9 Therefore, the rotator cuff 
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and deltoid work together as a force couple to allow smooth, appropriate 
shoulder movement and in prevention of soft tissue impingement between the 
acromium and greater tuberosity.16 
As the muscles dynamically stabilize the shoulder joint, a fibrous capsule 
surrounds, supports, and protects the joint. Under normal conditions, it prevents 
inferior subluxation of the humeral head.10 The joint capsule attaches medially 
to the glenoid fossa and laterally to the anatomical neck of the humerus between 
the greater and lesser tubercles.1 The upper portion of this capsule is reinforced 
by the coraco-humeral ligament. This ligament resists lateral rotation and 
adduction of the humerus and, when loose, downward dislocation of the humeral 
head may occur. Cailliet1 added that this structure frequently plays a vital role in 
the most shoulder pain when dislocation and limited range of motion are present. 
Neural Innervation 
For shoulder movement to occur, the muscle fibers must be controlled by 
both the central and peripheral nervous systems. If one or both of these 
systems fail, pathology results in HSP. Brain cells located in the cerebral cortex 
rely on blood supply, nutrients, and oxygen to function in sending signals via the 
nervous system to produce a desired movement. 17 The brain receives, 
interprets, and sends out information for movements to occur. There is a 
continuous exchange of information from the cortex to the innervated 
musculature. 
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The brachial plexus is a group of peripheral neNes which lie adjacent and 
proximal to the shoulder joint. The plexus is formed by a joining of anterior rami 
of ceNical roots 5 through 8 and thoracic root 1.1,19,19 These anterior rami 
continue distally to divide into three neNe trunks consisting of the upper trunk 
(Cs and Cs), middle trunk (C7), and lower trunk (Cs, T1)' Each trunk gives rise to 
lateral, posterior, and medial cords. Continuing, the roots, trunks, and cords of 
the plexus produce many neNe branches which supply motor and sensory 
activity to the shoulder complex and distal upper extremity.1s,2o From the upper 
trunk of the brachial plexus, the suprascapular neNe continues caudally and 
posterior through the suprascapular notch before dividing into sensory branches 
supplying the acromioclavicular and glenohumeral joints.1o,21 
A loss of cortical function secondary to a CVA alters the continuous 
exchange of information from the central neNOUS system to the periphery and 
inefficiency of the neuromuscular system develops. Therefore, motor activity 
becomes depressed around the shoulder complex. Lee21 believes that when 
subluxation in hemiplegics occurs, the inadequate muscle support affects the 
suprascapular neNe at the suprascapular notch and consequently produces 
pain. 
Although there are many other functional parts in the structure of the 
shoulder complex, this anatomical discussion has been limited to selected 
muscles, ligaments, joints, and neNes. These structures are significant because 
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they involve a majority of the pain producing structures found in hemiplegic 
shoulder patients. 
CHAPTER III 
CHARACTERISTICS AND ETIOLOGY OF HEMIPLEGIC 
SHOULDER PAIN 
Shoulder pain in stroke patients presents a serious problem for the 
patient, family, and rehabilitation team. An understanding of the proper anatomy 
of the shoulder is important in determining the etiology and pathology of HSP. 
Many authors suggest that a variety of factors contribute either individually ro 
together to produce the characteristics of pain.1,s,8,9,22 Therefore, etiology is very 
controversial and individualized. This chapter will address characteristics of 
HSP and specific examples of neurological and anatomical factors that are 
believed to be the cause of HSP. 
Characteristics 
Depressed neuromuscular activity may cause shoulder pain or the 
impairment may be the result of many causes of shoulder pain that occur in an 
otherwise healthy individual.1 For example, pain may result from inflammation, 
degeneration, or a previous trauma that was latent premorbidly and activated by 
the consequences of a cerebral vascular accident. 
External rotation followed by abduction are the motions which primarily 
produce the most painful and limited shoulder movement.s Shoulder pain may 
13 
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radiate to the elbow and hand, may develop during glenohumeral joint 
manipulation, and/or occur when the upper extremity is positioned 
dependently.12 Ultimately, shoulder pain may lead to immobilization, which then 
produces secondary complications like disuse atrophy, contractures, 
osteoporosis, and shoulder hand syndrome. Signs and symptoms of a person 
who has suffered a stroke are very individualized. A history of the patient is 
helpful in localizing the site of pain and the specific movement causing the pain. 
Neurological Factors 
GriffinS explains that there is a positive correlation between neurological 
deficits and hemiplegic shoulder pain (HSP). The loss of the use of the arm and 
hand can lead to functional limitations. According to Gowland et al,23 only 
approximately five percent of patients paralyzed by a stroke regain full function 
of their affected upper extremity and return to pre morbid activities. One fifth will 
never regain functional use. An impairment of motor control is believed to be 
caused by a reduction in the number of active motor units and a diminished 
frequency of motor unit firing. Awkwardness, loss of control, muscle weakness, 
and even upper extremity synergy patterns can develop depending on the 
amount of damage to the neurological recruitment center.23.24 
Abnormal muscle tone, flaccidity, and spasticity are also obstacles to 
normal functional mobility. Deficits in voluntary function often manifest into 
abnormal muscle tone on the hemiplegic side. 
15 
Flaccidity 
In the early stages following a stroke, the patient often develops a flaccid 
upper extremity which can last for less than 24 hours or continue for a few 
days.1,25 Approximately 90% of stroke victims experience this form of atypical 
muscular tone.5,25 As mentioned in Chapter I, the dynamic stability of the 
shoulder relies mainly on the support of the rotator cuff muscles. During the 
period of flaccidity, the shoulder joint loses its supportive mechanisms as the 
excitatory center of the central nervous system is damaged.1 The muscles 
become flail and an overstretching of the superior joint capsule and 
supraspinatus muscle, which holds the humeral head in contact with the fossa, 
occurs. Gravity prevails over the unopposed musculature and subluxation of the 
glenohumeral joint develops.6,26 Therefore, the shoulder may become painful 
due to muscular and capsular overstretching, further shoulder malalignment, and 
irreversible damage to the shoulder complex.5,25 
Spasticity 
More often, HSP is associated with spasticity of the affected arm.12 
According to Griffin,5 chronic spasticity develops as the apparent muscle tone 
over time in post stroke patients. Spasticity is defined as increased excitability 
of the stretch reflex and resistance to continued passive stretch.2,24 Subluxation, 
if present, is reduced in spastic paralysis. This is a benefit as contraction of the 
supraspinatus and deltoid muscles maintain glenohumeral joint stability. 
However, Saurnelli and associates24 add that spasticity remains a major problem 
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in rehabilitation as it can interfere with fine motor activities, decrease functional 
range of motion, and if severe enough, lead to upper extremity synergistic 
patterns and contractures. 
Spasticity is an unavoidable complication of hemiplegia and once a 
contracture develops, a cycle of pain is established generating spasms, patient 
distress, and secondary complications like decreased range of motion and 
disuse atrophy. Ouwenaller and associates8 suggest that exaggerated tendon 
reflexes, which occur in a spastic extremity, are a common element in the origin 
of HSP. The amount of muscle tone in surrounding muscles is the most 
important protective mechanism for any normal joint. 
Anatomical Factors 
As with neurologic factors, anatomical components are of consideration 
for HSP. This section will address both pre-existing and resultant soft tissue 
injuries, degenerative changes in the shoulder girdle which progress over time in 
the elderly patient, and subluxation. 
Soft Tissue Injuries and Degeneration 
There is an influence of pre-existing, soft tissue, pathological conditions 
which appear in a patient post-stroke. Whether they are caused by 
degenerative changes or a premorbid trauma, the additional stress of paralysis 
can activate these previously asymptomatic abnormalities.5 Soft tissue injuries 
may account for pain in the majority of the hemiplegic shoulder patients.21 
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As a person ages, degenerative changes occur. The pain free, available 
range of shoulder elevation declines over time because of posture, calcium 
deposits, decreased nutrition and structural alterations. Specifically, in the 
shoulder, degenerative changes occur in the "acromioclavicular joint, glenoid 
labrum, and articular cartilage of the glenoid fossa,"s after age 30. Ten to twenty 
years later, a person can expect degeneration of periarticular soft tissue, notably 
in the biceps brachii tendon and the rotator cuff muscles. 
Impingement can be a result of these degenerative changes in the soft 
tissues of an older individual. Degenerative changes cause the biceps tendon to 
thicken and edema to settle in adjacent bursa. Therefore, the subacromial 
space is reduced and pinching of soft tissue can occur against the acromium. 
Griffins further acknowledges that these changes can be asymptomatic and 
occur without impairment. However, the changes can be exacerbated with 
additional stress and cause impingement and pain. 
Severe degeneration and impingement during passive abduction greater 
than 90 degrees or an absence of external rotation can lead to ischemia of the 
rotator cuff musculature.s,12 Griffins and Najenson et al12 state that pinching of 
the tendon against the acromium can lead to rotator cuff rupture. Extreme pain, 
especially with shoulder elevation, is the primary symptom of a rotator cuff 
rupture. A patient may also exhibit tenderness with palpation, muscular 
weakness, and wasting. Findings suggest that 40%6,28 and 33%s of hemiplegic 
patients suffered from ruptures of the rotator cuff and, according to Griffin,S none 
18 
of the patients had premorbid complaints of shoulder pathology and/or pain. 
Subluxation 
Another possible contributing cause of HSP is glenohumeral joint inferior 
subluxation. Subluxation can actually be caused by a combination of 
gravitational pull and an overstretching of the rotator cuff muscles 10 or by a 
complication from flaccid paralysis of the deltoid muscle.22 The absence of 
muscle function during flaccidity and the effects of gravity will cause the capsule 
to stretch resulting in decreased stability and malalignment.25 According to 
Chaco et al,29 the supraspinatus muscle is essential for shoulder tension and 
posture. The downward force of gravity imposes damage to the supraspinatus 
muscle, associated ligaments, and joint capsule which are the supporting 
structures of the shoulder. The unopposed gravitational force pulls the head of 
the humerus below the glenoid fossa, resulting in caudal subluxation. 
Subluxation is more common among flaccid than among spastic patients. The 
authors state that the prevalence of subluxation is widespread and can be 
anywhere from 17% to 60%27 to as much as 66% to 81 %6,25 of the severely 
paralyzed hemiplegics. 
To determine the amount of subluxation, an image must first be projected. 
Carpenter and Millers state that subluxation, when the arm is at rest, is 
measured as "the distance from the center of the humeral head to the 
perpendicular."(P443) A result of shoulder abductor weakness, the scapula begins 
to slope downward and the humeral head drifts inferiorly as it encounters the 
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glenoid labrum. Since only the humeral head comes in contact with the full 
labrum, the labrum acts as a fulcrum and rotates the humeral head, increasing 
the abduction and humeral shaft adduction to form a V-shaped widening in the 
glenohumeral articulation (Fig. 2). 
Additionally, the degree of malalignment can be assessed. 12.27 Najenson 
et al12 used a two-point grade system as follows: Grade 1, humeral head has 
displaced caudally but remains in contact with the glenoid cavity; and grade 2, 
when contact between these surfaces is slight or completely absent. Similarly, 
Smith and associates27 developed a four-point grading scale: Grade 0, no 
anatomical pathology; grade 1, loss of parallelism; grade 2, moderate 
malalignment; grade 3, severe subluxation. Both of these degree scales can be 
described with radiographic imagery. 
Conversely, other authors have noted that constriction in the fibrous joint 
capsule, producing adhesive capsulitis, is a predominant indicator of HSP .5.29 
Rizk and associates30 studied 30 hemiplegic patients and stated that 77% of the 
subjects presented with a typical frozen shoulder or adhesive capsulitis. 
Multiple adhesions in the glenohumeral joint and subscapularis bursa were 
associated with limited ROM.29 The cause of adhesive capsulitis in hemiplegics 
is unknown. However, "the most significant related factors in development seem 
to include prolonged immobilization secondary to pain and age greater than 40 
years. "S(p1886) 
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Fig. 2--A.) Alignment of the glenohumeral joint. B.) V-shaped 
widening between the humeral head and the glenoid fossa of a 
hemiplegic shoulder. C.) Subluxation of the glenohumeral joint 
in the hemiplegic shoulder. 
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Characteristics of HSP are widespread and, as mentioned above, there 
are many causes of this debilitating condition. The following chapter continues 
to address causes of HSP that are related to improper handling and the 
diagnosis of secondary complications. 
CHAPTER IV 
HANDLING AND SECONDARY COMPLICATIONS 
Often, the cause of hemiplegic shoulder pain (HSP) is not directly related 
to the cerebral vascular accident, but rather to improper handling techniques or 
a secondary complication that may develop following hemiparesis. The onset of 
such complications and pain may prolong the course of rehabilitation and limit 
functional capabilities. This chapter will present the mechanisms of improper 
handling and describe two secondary complications that may potentially develop 
following a stroke. 
Handling 
Anytime after the onset of hemiplegia, shoulder pain can be precipitated 
by careless handling of the paralyzed upper extremity. Health care 
professionals, family members, and stroke patients often carry out procedures 
that have a deleterious effect on the paretic shoulder. Bruton? states that poor 
handling or improper positioning of the patient's involved upper extremity 
produces a compressive force to the structures encompassing the glenohumeral 
joint. The movement that is especially contra-indicated includes uncontrolled 
abduction beyond 90 degrees without the association of external rotation to 
allow the greater tubercle to clear from underneath the acromium.12,28 Najenson, 
22 
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Yacubovich, and Pikielni12 state that the use of overhead pulleys may force 
abduction. The patient performs a reciprocating pulley movement by using 
his/her uninvolved arm to create elevation through the paralyzed extremity. 
Impingement may occur if the soft tissue structures become compressed 
underneath the acromium. Additionally, improper handling may produce a lesion 
in the rotator cuff ligament, irritate arthritis, or irritate pre-existing soft tissue 
injuries like tendinitis. Since many stroke patients are elderly, degenerative 
changes also predispose the shoulder to injury during passive movement. 
Cailliet and associates31 further explain how passive range of motion 
exercises cause a painful and stiff shoulder. The muscles surrounding the 
shoulder joint are inactive due to hemiparesis. This produces an imbalance 
between scapular and humeral movement. For complete shoulder abduction to 
occur without compression, ''the scapula must upwardly rotate and the humeral 
head must depress and externally rotate."S(p1041) During improper passive range 
of motion, the glenohumeral joint moves without associated movement of the 
shoulder girdle. Therefore, trauma to the capsule, bursa, and tendons may 
result. 
Adequate support and protection of the glenohumeral joint is necessary to 
prevent hazardous pulling of the affected upper limb. This is especially 
important when the patient is exercised, positioned, or transferred. 
Unfortunately, in many instances, the therapist or care giver may react to 
stiffness and discomfort by increasing passive range of motion in the belief that 
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lack of motion is producing the symptoms. The patient and care givers should 
be properly instructed on movement precautions immediately following a stroke 
for effective prophylaxis of HSP. These preventative methods will be described 
further in Chapter V. 
Secondary Complications 
Secondary complications can develop in a stroke patient due to the 
effects of chronic symptoms, prolonged immobilization, and inappropriate care. 
These complications can be very serious to the stroke patient and ultimately limit 
future active movement and participation. 
Shoulder-Hand Syndrome (SHS) 
In some cases following the onset of hemiplegia, a reflex neurovascular 
disorder involving the upper extremity can develop.6,32,33 This condition is often 
referred to as "shoulder-hand syndrome" (SHS) or "reflex sympathetic dystrophy" 
(RSD) and occurs in 12.5%34 to 36%5 of all post CVA patients admitted for 
rehabilitation. Most patients develop SHS two to four months following a stroke 
and complain of previous episodes of shoulder pain.5 This high incidence implies 
that a considerable number of hemiplegic patients develop SHS while still in a 
rehabilitative environment.35 Although not statistically significant, SHS appears 
in more males than females. 35 In addition, Davis and associates34 state that the 
incidence of SHS is greater in patients who have suffered a severe stroke 
because they usually do not have functional use of their plegic upper extremity. 
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This reflex neurovascular disorder is characterized by many signs and 
symptoms. It is a well recognized clinical syndrome identified by upper extremity 
pain, swelling of the wrist and hand, vasomotor and sudomotor instability, joint 
contractu res, atrophy of bone and soft tissues, and consequent functional 
limitations.5 ,35 These signs and symptoms are demonstrated in various sites of 
the upper extremity. A decrease in shoulder ROM occurs especially with 
abduction, flexion, and external rotation. Shoulder pain occurs at rest or with 
mobilization. However, the elbow joint is virtually free of any abnormal 
characteristics. Palpatory tenderness, dorsal edema, and pain with extension 
often occur at the wrist. Mild to moderate edema and pain are present in the 
hand and distally into the digits.? When the patient experiences these signs and 
symptoms, they may become dependent in activities of daily living. This 
dependence is caused by diminished sensory awareness, poor upper extremity 
proprioception, and a decreased ability to cooperate with family and health 
professionals.36 Early recognition and treatment of the characteristics of SHS is 
important; without treatment, the changes may be irreversible and interfere with 
the rehabilitation process. 
The physiologic mechanism of SHS pathology relates to the release of 
afferent stimuli. Afferent signals travel from the shoulder to the spinal cord and 
communicate both with lateral sympathetic tracts and afferent motor pathways. 
A 'feedback' circuit develops and intensifies the irritability of the already 
damaged tissue. 32,33 
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To distinguish the characteristics of SHS, a three-stage classification 
system, first described by Steinbrocker, is often used.32,33,36 Stage 1 lasts 
anywhere from three to six months. Onset may be gradual or sudden with 
symptoms occurring at the hand or shoulder or both. The hand is pink in color 
and later becomes cyanotic. There is a considerable decrease in range of 
motion and strength. Stage 2 evolves from Stage 1 and also lasts anywhere 
from three to six months. This phase is highlighted by muscle atrophy, joint 
deformities, and trophic skin changes. Stage 3 develops after six months and 
lasts until irreversible alterations have taken place. Pain and vasomotor 
changes are rarely present. The appearance of the skin becomes pale, smooth, 
and glossy. Joints of the hand and shoulder become ankylosed and 
contractures along with subluxations occur in the finger joints. Although these 
stages outline the course of the disease, no true predictable duration of 
symptomatology has yet been determined, making the diagnosis difficult. 
Physical therapy for SHS should be prophylactic in nature focusing close 
attention to the development of the previously described characteristics. If 
Stage 1 develops, treatment should be initiated immediately. Therapeutic 
procedures can include the application of various modalities including heat, cold, 
TENS, desensitization techniques, massage, and vigorous active and passive 
exercises.6 With the development of the second and third stages, rehabilitation 
becomes an increasing challenge and prognosis is often poor. 
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Brachial Plexus Injury 
Another complication in post-stroke patients is the occurrence of a 
brachial plexus lesion following a stroke. As described anatomically in Chapter 
II, the brachial plexus is a distinctive group of nerves lying adjacent to the 
shoulder joint. The probable mechanism of this neuropathic injury is a 
combination of flaccid paralysis and traction.s,31 The traction stress can be the 
result of pulling on the flaccid arm by anyone who moves the patient.s,3? If the 
patient remains unconscious for a period of time following a stroke, the chances 
of a brachial plexus and resultant peripheral nerve injury increases. Peripheral 
nerves that are most often affected include the musculocutaneous, axillary, and 
suprascapular nerves.S,26 The occurrence of a brachial plexus injury can 
lengthen rehabilitation time greatly. Because of the slow rate of nerve 
regeneration, brachial plexus lesions may take 8 to 12 months or more to 
recover.S,31 Functional recovery becomes difficult because of the combination of 
the stroke which is an upper motor neuron lesion and the neuropathy which 
refers to a lower motor neuron lesion. Griffins adds that this superimposition of 
lesions increases the chances of also developing a painful contracture.s 
Physical therapy intervention involves immobilization until regeneration can 
occur eventually progressing towards gradual range of motion. 
Soft tissue injuries, shoulder hand syndrome, and brachial plexus injuries 
create pain and interfere with the rehabilitation process. The following chapter 
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addresses how shoulder pain impedes and prolongs the rehabilitation process 
and various treatment interventions. 
CHAPTER V 
THE REHABILITATION PROCESS 
Clinicians and rehabilitation specialists are well aware that shoulder pain 
and hemiplegia often accompany each other. Although there are many causes 
of shoulder pain, the specific etiologies vary from patient to patient; the 
rehabilitation of a stroke patient is a complex challenge. Besides producing 
pain, many facets of the patient's life are affected. The patient's quality of life 
will be affected and dependence can occur. The rehabilitation process must 
focus on the whole patient and encompass all areas of limitations. Treating 
patients as whole persons must be employed in acute care, rehabilitation, and 
throughout the rest of their lives. 
There is a strong relationship between pain and decreased shoulder 
range of motion. Bohannon and associates29 studied 50 hemiplegic patients and 
recorded the incidence of shoulder pain and the statistical relationship between 
it and five other variables. These variables include patient age, time since onset 
of hemiplegia, range of hemiplegic shoulder external rotation, spasticity, and 
weakness. The relationship between shoulder pain and the range of shoulder 
motion remained significant while all of the other factors were ruled out. 
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Therefore, the authors concluded that the range of shoulder external rotation 
was considered the factor most significantly related to shoulder pain. 
Pain affects healthy sleeping patterns and quality of life. The debilitating 
pain may intensity at night, producing insomnia and thereby decreasing energy 
for daily activities. Increasing amounts of medication are also added to the 
patient's daily regime because of the pain.2s The medications may produce 
fatigue, irritability, and in some cases, secondary complications. These factors 
may consequently decrease the overall quality of life of many patients. 
Pain has a detrimental effect on the patient's overall social and emotional 
well-being. Pain produces emotions and these emotions in turn can lead to 
more pain, establishing a continuous cycle. Emotional liability is frequently 
present in stroke patients making the management of pain exhausting for the 
patients, professionals, and care givers.3o Emotional liability refers to sudden 
mood swings.38 A patient may experience a period of serenity followed quickly 
by an episode of excessive crying. When this behavior occurs, it is usually 
helpful to interrupt the emotional behavior of the patient with natural events and 
behavior. Griffin describes the emotional state of patients with HSP as 
"hyperresponsive to pain, overemotional, apathetic, and emotionally 
dependent."S(p1890) Appropriate psychological management is an important 
consideration to be included in the treatment protocol. 
Depression is very common and occurs in 24% to 60% of all patients.38 
Patients become depressed because of the numerous changes in their lives 
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such as a loss of income, occupation, independence, and social activities. 
Evidence of depression is exhibited through crying, unexpected poor recovery or 
deterioration, poor participation, and angry outbursts. The patient may cry, 
change voice tone, or portray a depressed facial expression.3.38 If the stroke is 
severe, depression may actually be underestimated because of the inability to 
accurately assess the patient. 39 
The patterns of stroke recovery have been investigated by some authors. 
Clinically, the paretic lower extremity recovers more quickly and with more 
function than the upper extremity.40 Duncan et al40 adds that the patterns of 
stroke recovery involve motor and sensory improvement that may occur as long 
as 6 to 12 months following a CV A. However, the majority of functional gain 
occurs in the first 30 days. Patients who experience more rapid and complete 
changes in motor function ordinarily attain a much higher level of maximum 
recovery.s Neurological deficits and early patterns of improvement are the two 
greatest indicators of the potential for recovery. 
Acute 
The acute stage of a stroke is a critical time for the prevention of 
neurological, anatomical, and mechanical complications. Prophylactic methods 
of stretching, range of motion, and positioning are necessary during the acute 
stage of recovery. Aggressive, painful stretching of the affected shoulder should 
be avoided. Stretching of the joint capsule increases the probability of the 
development of glenohumeral joint malalignment, especially during the 
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acute/flaccid phase of neural recovery.25,2S Management considerations must be 
emphasized for all persons handling the patient and include proper techniques 
for transferring, positioning, and supporting the affected extremity.s Potentially, 
the avoidance of capsular stretching could reduce the number of patients 
reporting pain as their primary symptom. 
Rehabilitation 
Primary objectives during early stroke rehabilitation are to enhance 
correct positioning of the patients in all postures during both the flaccid and 
spastic stages of recovery. Many authors suggest that during transitional 
movements support should be provided by a hemi-sling during the flaccid 
stage.22,24,28 This may reduce the risk of a traction injury and prevent 
overstretching of the joint capsule and ligaments. Griffin and Reddins add that a 
sling is principally used to prevent subluxation in the first few weeks following 
the development of hemiplegia. External support should be used during 
ambulation and transitional movement and can be discontinued when muscle 
tone is adequate to provide stability to the shoulder articulation. However, the 
subject of a sling remains controversial because opponents state that slings may 
actually reinforce the flexor synergy pattern and immobilization may lead to 
degeneration. Immobilization may also advance paralysis and spasticity and, 
therefore, further increase pain and joint stiffness.s 
Poor positioning may lead to spasticity and contractures.27 The typical 
spastic synergy includes scapular retraction, neck flexion to the affected side, 
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shoulder medial rotation and adduction, elbow and wrist flexion, and thumb 
adduction. Positioning out of this pattern is an essential prophylactic measure to 
prevent post-stroke spasticity.7,2s,26 Pillows can be used to reinforce the ideal 
positioning and to reduce dependent edema of the hand. Griffins recommends 
early sidelying on the involved side with the affected upper extremity flexed and 
externally rotated while the shoulder girdle is protracted. The benefits of this 
position include decreased spasticity and an increased awareness of the paretic 
side. Conversely, when the patient is lying on the unaffected side, the shoulder 
should be supported with pillows and the trunk positioned at a right angle 
towards the bed. 1 The occurrence of HSP increases when the arm is in a 
position of adduction with pressure on the suprascapular nerve. Encouraging 
the patient to assume appropriate postures is vital to restorative efforts. 
Research assessing the efficacy of rehabilitation in patients with HSP is 
difficult because etiology may affect the selection of treatment approaches and 
the final discharge outcome. Identifying specific, individualized goals following 
the evaluation and treatment is important for both the patient and the physical 
therapist. Achievement of the highest level of function in self-care and 
environmental skills is a definite goal for the patient.24 Medical intervention may 
be a necessary adjunct for the relief of pain. 
The treatment plan should be an integral approach to the rehabilitation of 
the patient. Treatment approaches specifically designed for HSP will be 
discussed in the following chapter. 
CHAPTER VI 
SPECIFIC TREATMENT METHODS FOR HSP 
The ideal treatment for HSP is prevention.5 However, this does not 
always occur and identification of the cause of the painful, stiff shoulder 
becomes necessary. Appropriate treatment of the hemiplegic patient depends 
on a thorough evaluation of sensation and motion in the affected upper extremity 
and cervical spine. A complete medical history is essential to determine 
pre morbid history of pathological problems and to investigate any trauma that 
occurred following the CVA.5 Evidence of certain lesions can be confirmed from 
arthrographic and radiographic tests.5.22 For beneficial treatment, a correct 
diagnosis of the etiology is a requisite. In this chapter, conservative 
management of HSP will be presented, including the specific treatments of 
modalities for pain, subluxation, and secondary complications. 
Administration of various modalities may be effective in relieving the 
symptom of pain. Heat, cold, and transcutaneous electrical nerve stimulation 
(TENS) are often used. Heat often is applied in the form of hot packs or 
ultrasound. Cryotherapy usually is applied via ice packs. TENS is a form of 
electrotherapy. The theory behind TENS is that it blocks the reception of pain 
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fibers and in effect closes the gate to the messages perceived by the brain. 
However, Griffins states that this modality has not been found to decrease pain. 
Pharmacological treatments are also effective in the management of 
shoulder pain.32 Analgesics and anti-inflammatory agents may be used. 
Systemic administration of corticosteroids for two to three weeks is 
recommended in combination with an extensive rehabilitation program. Davis et 
al34 reported a complete resolution of symptoms in 68 hemiplegic patients who 
used oral steroids in conjunction with a physical therapy rehabilitation program. 
Salicylates and codeine or other narcotics are effective for the relief of acute 
symptoms.32 Sedatives or muscle relaxants and antidepressants are helpful as 
well and often assist the patient in receiving a better night of rest. Injections of 
lidocaine and steroids into trigger points, the subacromial bursae, or the joint 
space are often used as a local anesthetic and anti-inflammatory to decrease 
pain and increase range of motion. 
Adhesive capsulitis, rotator cuff injuries, and other anatomical etiologies 
of HSP may require vigorous applications of ice and heat, active and passive 
range of motion (PROM) exercises, and a combination of anti-inflammatories, 
analgesics, or oral corticosteroids for effective relief of pain and encouragement 
of range of motion. 
An application that has received a lot of attention is electromyographic 
biofeedback (EMGBF). This is a special form of exercise therapy in which 
"visual and/or auditory feedback, triggered by the EMG activity of a target 
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muscle, is utilized to facilitate proper voluntary control of its activit y.,,41 (p1989) This 
is used to restore voluntary muscular activity that was previously lost due to 
injury or disease.42 A number of therapists have used EMGBF as an addition to 
physical exercise for the retraining of paretic muscles, specifically the posterior 
deltoid and supraspinatus muscles. Hemiplegic patients receiving a combination 
of EMGBF and physical therapy showed an increase in strength, reversed 
atrophy of muscles, and inhibited development of spasticity.5,24 Because of the 
auditory or visual feedback signals, a stronger motor response is initiated. 
EMGBF has also been reported to be successful in reducing subluxation and 
subsequent shoulder pain by increasing the overall tone of the shoulder 
muscles.5,24,25 EMGBF is useful to inhibit the undesired tone that may occur 
during the spastic stage of recovery. 
An additional treatment approach involves electrical current placed at a 
specific muscular motor point to facilitate a contraction. Faghri et al25 studied 
the effectiveness of functional electrical stimulation (FES) treatment on 
glenohumeral subluxation and shoulder pain. Twenty-six recent hemiplegic 
stroke patients with shoulder flaccidity participated with 50% of the patients 
assigned to a control group. All patients received conventional physical therapy 
while the experimental group also received FES therapy. Electrodes were 
placed on the supraspinatus and posterior deltoid muscles for six hours a day for 
six weeks. The experimental group showed significant reduction in shoulder 
subluxation and the severity of pain. Thus, the authors concluded FES to be a 
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possible facilitator of motor recovery and functional arm movement. Advantages 
of FES over a sling include induced contraction of shoulder musculature, 
improved functional mobility, and a more rapid recovery process.2S The 
effectiveness of this treatment is greater if upper extremity involvement is mild. 
If paralysis and paresis is the result of a severe stroke, FES treatment should be 
initiated immediately. 
In the management of shoulder-hand syndrome (SHS), a secondary 
complication, an aggressive exercise program is a necessary approach to 
treatment.s Exercises should be active and performed within the pain free range 
of motion. Progressive resistive exercises and proprioceptive neuromuscular 
facilitation (PNF) techniques, such as upper extremity diagonals, can be utilized 
and advanced as patient's symptoms decrease. Weight bearing activities are 
equally important and all activities should be performed at a comfortable level for 
the patient.32 Modalities may be used in conjunction to reduce the pain. 
Conversely, if the secondary complication of a brachial plexus injury 
occurs, treatment is altered and the previous treatments are not applicable. 
Immobilization is the recommended treatment for a brachial plexus injury.s,19,26 
The upper trunk of nerves must be protected to prevent further traction injury 
until regeneration occurs. Functional recovery of shoulder activity may not occur 
for 8 to 12 months.s Conversely, Kaplan et al19 add that intensive therapy 
including strengthening, range of motion, positioning, splinting, and coordination 
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exercises may be included in the treatment protocol. Because of this 
neuropathy, stroke patients may have an extended course of rehabilitation. 
It must be acknowledged that there are many etiologies of hemiplegic 
shoulder pain and each individual stroke patient will present with different signs 
and symptoms. Past medical history and reactions to the variety of modalities 
and treatment approaches are unique as well. Therefore, specific treatment 
methods will differ depending upon the patient and his/her response. 
CHAPTER VII 
CONCLUSION 
Stroke is the third leading cause of death in the United States and 50% of 
its victims are left disabled.39,41 Survivors often experience hemiplegia as a 
result of neurological impairments from vascular damage to the brain. These 
neurological impairments can manifest into problems with the shoulder of the 
involved side. The hemiplegic shoulder has been an interest to many 
researchers over the years as they search for the original causes of hemiplegic 
shoulder pain (HSP). Etiology is difficult to determine because of past medical 
history, pre-stroke shoulder activity, and depression. Pre-existing soft tissue 
injuries, degeneration, impingement disorders, rotator cuff tears, glenohumeral 
joint subluxations, and adhesive capsulitis are all predominant anatomical 
indicators of HSP. 
A pre-morbid trauma or degenerative changes that occur in the elderly 
can influence pain in the hemiparetic shoulder. The residuals and 
characteristics of these factors are very broad and may account for the majority 
of pain in the involved shoulder. These variables may also account for the 
differing signs and symptoms as well as the patient's response to treatment. 
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Deficits in neurological function lead to the development of abnormal tone 
surrounding the mobile shoulder joint. Neurological factors manifest themselves 
as a period of flaccidity followed by spasticity. Spasticity is usually unavoidable 
and establishes a cycle of pain, spasm, and disuse atrophy. 
Signs and symptoms of HSP vary with each individual patient and prolong 
the course of rehabilitation. Additionally, unsuitable handling techniques and 
the onset of secondary complications can cause pain. Restoring shoulder 
function is further delayed. A competent exercise program and proper 
positioning are absolute requirements for the prevention of further trauma to the 
affected upper extremity. Family, care givers, and professionals must be 
properly instructed on movement precautions and effective prophylactic 
techniques. 
Shoulder-hand syndrome is a reflex neurovascular disorder which may 
develop in some cases approximately two to four months following a CVA.5 The 
cause of this secondary complication has not been identified and symptoms are 
characterized by pain, trophic skin changes, edema, and stiffness in both the 
hand and shoulder. 
A combination of flaccid paralysis and traction of the shoulder joint may 
produce a brachial plexus injury. This injury is also a secondary complication 
that can occur in the flaccid arm during the transferring of a patient. 
A painful shoulder is likely to become an obstacle for the patient, family, 
and rehabilitation team. Therefore, prevention of shoulder pain and 
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complications is a key consideration in the rehabilitation of a stroke patient. 
Preventative techniques involve proper stretching, range of motion, and 
positioning during the acute phase of recovery. If pain occurs, it may further 
lead to depression, emotional liability, and decreased social interaction making 
management by team members challenging. 
Appropriate treatment methods for HSP depend upon the evaluation 
findings of shoulder mobility and sensation. If HSP occurs, a correct diagnosis 
of the cause is necessary to allow correct conservative treatment methods.33 
Various modalities are used to decrease the patients' subjective complaints of 
pain. The application of electromyographic biofeedback (EMGBF) is a 
highlighted form of therapy to facilitate voluntary motor control. Some authors 
state that this method, when used in conjunction with an exercise regime, 
reverses symptoms of spasticity, atrophy, and decreased muscular strength 
caused by the stroke.5•24 Another popular modality for the painful shoulder is 
functional electrical stimulation (FES). This is used to facilitate motor recovery 
and functional movement. Other treatments that were briefly discussed in this 
study included immobilization for a brachial plexus injury and aggressive 
exercise for shoulder-hand syndrome. 
Future research in the area of stroke management for HSP should be 
pursued to eliminate uncertainties created by etiology and treatment methods. 
More knowledge is needed of shoulder status from the onset of a eVA to at least 
one year following the development of hemiplegia as this is a crucial time for 
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evaluation and treatment. This would supplement the present knowledge 
concerning the development of HSP.5 Controlled research is needed, 
particularly a longitudinal study utilizing many subjects, to determine the causes 
of HSP, effective prophylaxis, and therapeutic efficiency and effectiveness. 
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